The type strain Enterobacter agglomerans ATCC 27155 was examined for deoxyribonucleic acid (DNA) relatedness to 54 strains of the "Erwinia herbicola-Enterobacter agglomerans complex," to 23 strains of other Erwinia and Enterobacter species, and to 50 reference strains of 49 different species in other genera of the family Enterobacteriaceae. The DNA-DNA hybridization values (at the optimal renaturation temperature; nitrocellulose filter method) showed that 24 strains were highly related to Enterobacter agglomerans ATCC 2 7 W T (62 to 97% DNA relatedness) and formed a genotypic group provisionally called DNA hybridization group 27155. These strains were received as Enterobacter agglomerans (including strains of DNA hybridization groups V and Syst. Bacteriol. 34:45-55, 19841); as Erwinia herbicola, including the type strain NCPPB 2971; as Erwinia milletiae, including the type strain NCPPB 2519; and as yellow-pigmented Enterobacter strains. Numerical analysis of the protein electropherograms of these strains revealed the existence of seven protein electrophoretic groups, each showing a characteristic protein pattern. These seven groups separated at an infraspecific level and allowed assignment of 37 additional strains, received as Enterobacter agglomerans, Erwinia herbicola, and Erwinia milletiae, to DNA hybridization group 27155. The resulting group hybridized below 55% DNA relatedness with all remaining phenotypic or genotypic groups of the "Erwinia herbicola-Enterobacter agglomerans complex" and below 57% DNA relatedness with other Erwinia and Enterobacter species. DNA binding with 49 other species of the family Enterobacteriaceae was less than 38%. Since DNA hybridization group 27155 contains the type strains of Erwinia herbicola, Erwinia milletiae, and Enterobacter agglomerans, these species names are subjective synonyms, and the specific epithet agglomerans has priority. Further genotypic studies with several closely related genera are required for final placement of this species in a genus. The description of Enterobacter agglomerans, Erwinia herbicola, and Erwiniu milletiae is emended.
The genus Erwinia was originally proposed by Winslow et al. (63) in 1917 to contain peritrichous, fermentative, gramnegative, phytopathogenic bacteria. For half a century, the nomenclature of Erwinia species was generally based on their supposed but sometimes doubtful pathogenicity (43) . More than 60 species were described (29) , resulting in profound nomenclatural and taxonomic confusion concerning these widespread organisms (43) . Dye (14) (15) (16) (17) subdivided the genus into four natural groups. Strains of the "amylovora" group (14) cause dry necrotic or wilt diseases on plants. Strains of the "carotovora" group (15) have strong pectolytic activity and cause soft rots in a wide variety of plants. Some researchers (9, 62) assigned the "carotovora" group to the genus Pectobacterium Waldee 1945. The "herbicola" group (16) contained strains which (usually) produced yellow pigments; it included saprophytes (Erwinia herbicola), some putative phytopathogens (Erwinia ananas, Erwinia uredovora, Erwinia milletiae, and Erwinia stewartii), and related clinical isolates. The fourth group of Dye (17) consisted of atypical envinias, some of which are now considered to belong to the genus Enterobacter (7) . In 1981, Dye (18) concluded that the subdivision into natural groups was not substantiated by numerical treatment of his earlier results (14) (15) (16) (17) , Consequently, the subdivision has been * Corresponding author.
abandoned by Lelliott and Dickey (38) in Bergey's Manual of Systematic Bacteriology.
Taxonomic segregation of the phytopathogenic members of the family Enterobacteriaceae stemmed from the disciplinary insularity of plant and clinical bacteriology (53) . Interest in the "herbicola" group peaked in 1971, when such organisms were implicated in a nosocomial septicemia outbreak in the United States resulting from contaminated intravenous products in which 40 of 378 patients died (4, 40) . Ewing and Fife (19, 20) compared the isolates from these patients with representatives of the "herbicola" group and concluded that the two sets of strains belonged to the same species. They also stated that the "herbicola" group resembled members of the genus Enterobacter, and they proposed the name Enterobacter agglomerans (Beijerinck) for these organisms (20) . Since then, coexistence of the two nomenclatural systems has caused an ambiguous situation; phytopathologists preferred to use the nomenclature of Dye (14, 17) or Lelliott (37) , whereas clinical bacteriologists used the nomenclature of Ewing and Fife (20) . Both nomenclatures have been adopted on the Approved Lists of Bacterial Names (52) and in Bergey's Manual of Systematic Bacteriology (38, 48) , thus maintaining the confusion. Many rearrangements have been suggested for the "Erwinia herbicolaEnterobacter agglomerans complex" (18, 22, 46, 50, 54, 64) , but a consensus has not been reached (44) . The numbers of reports on clinical isolates belonging to this complex in-77 creased (1. 4, 10, 24, 40, 45, 51, 58, 61) , and the need for taxonomic studies was stressed (2, 38, 48) .
Recently, new taxonomic data were published on the "ErMinia herhicolcr-Enterobacter agglomernns complex." On the basis of a numerical analysis of phenotypic properties of 169 strains belonging or related to the "Erbt3inia herbicolaEnterobacter agglomernns complex," Gavini et al. (23) described five major groups divided into 15 subgroups. In a numerical phenotypic study of more than 500 strains belonging to the Errtiinia herhicol(1-Enterobacter agglomerans complex" or other Erwinia species, Verdonck et al. (60) showed that strains assigned to Erwinia herhicola, Erwinia milletiue, and Enterohacter agglomernns were scattered over 23 different phenons or subphenons. At the genotypic level, Brenner et al. (4) investigated deoxyribonucleic acid (DNA) relatedness among 124 strains belonging to the Eru9inia herbic.ola-Enterobucter ugglomeruns complex" and found that 90 of these strains fell into 13 DNA hybridization groups (defined as 70% or more relative binding ratio at 60°C). With the same method and using the same criteria, Lind and Ursing (39) showed that 52 of 86 clinical isolates of Enterohacter ugglomeruns were genotypically closely related to the type strain of the species as well as to the type strains of Erwiniu herbicola and Erwinia milletiue. In a preliminary study, Mergaert et al. (43) found that the biochemical characteristics and protein electropherograms of the soluble proteins of 22 strains of Enterobacter agglomer-U M S , Erwinia tierhicoln, and Erwinia milletiae, including the type strains of these species, were very similar. Sakazaki et al. (49) and lzard et al. (31) pointed out that Escherichia adecarboxylata, another species classified as Enterobacter ugglomerans by Ewing and Fife (20) , was independent from the "Erwinia herbicola-Enterobacter agglomerans complex" and the other Enterobacteriaceae. Escherichia adecarhoxylrita has been reclassified as Lecderc-iu adecarhoxylata (57) . All these results indicate that the nomenclature and the classification schemes presently used for the "Erwinia h4rbicola-Enterobacter agglomerans complex" lack a sound basis and are inadequate.
The strains contained in the phenotypic group B4 of Gavini et al. (23) , which was thought to correspond to Enterohacter agglomerans or Erwinia herbicola sensu stricto, constituted a fraction of phenons 7B and 8 of Verdonck et al. (60) . The purpose of the present study was to determine (i) whether 60 strains belonging to group B4 of Gavini et al. (23) and phenons 7B and 8 of Verdonck et al. (60) could be characterized as a single genotypic and phenotypic subset of the "Erwinia Izerbicoln-Enterobnct~~r agglomerans" complex, and (ii) the genotypic relatedness of these strains to other species of the genera Erwinia and Enterohacter and to other species of members of the Enterohncteriuceae.
MATERIALS AND METHODS
Strains used. The 164 strains used in this study are listed in Table 1 . The strains of the "Erwiniu herhicola-Enterobacter ugglomerans complex" were selected from the collections studied by Gavini et al. (23) and Verdonck et al. (60) .
Polyacrylamide gel electrophoresis of soluble proteins. Protein electropherograms were prepared as described by Mergaert et al. (43) from 60 strains belonging to group B4 of Gavini et al. (23) and phenons 7B and 8 of Verdonck et al. (60) . Numerical analysis was performed as described by Kersters and De Ley (34 (41) as described by Ferragut and Leclerc (21) was used to prepare both unlabeled and 3H-labeled DNA. The hybridization experiments were done by the competition method described by De Ley and Tytgat (13) . The mean guanineplus-cytosine content of the labeled DNA of strain ATCC 27155= was 56.0 2 0.5 moles percent (three determinations) as determined by the thermal denaturation method (12, 42) . The optimal temperature of renaturation calculated from the equation of De Ley and Tytgat (13) was 56.6"C.
Characterization of strains by the API 20E system. Tests in API 20E strips (Analytab Products, Montalieu-Vercieu, France) were performed at 30°C by the procedures described earlier (44) . Results were coded as described by the manufacturer and interpreted with the API Analytical Profile Index (1985 edition).
RESULTS
Numerical comparison of protein electropherograms. Protein electropherograms were prepared from 64 strains at least in triplicate and compared numerically. The lower reproducibility limits were above r X 0.95 for 56 strains and above r x 0.90 for the remaining 8 strains. Protein electrophoretic groups were delineated by numerical analysis of the patterns ( Fig. 1) (Fig. l) , although their electropherograms differed from those of the latter strains upon visual inspection (Fig. 2) .
Protein profile group I11 was displayed by the two "Enterohacter pigmentk" strains (36) studied.
Enterobncter agglornerans Graham 892 was the only strain displaying protein profile group IV.
Five Erwinia herbicola strains yielded group V protein profiles. Their patterns are characterized by a heavy band at 43 mm from the top of the gels (Fig. 2 ) .
Four strains formed a somewhat heterogeneous group VI in the electrophoretic numerical analysis (Fig. 1) Continued on following page At the optimal renaturation temperature; see Materials and Methods. See also Fig. 1 . ND, Not determined.
Escherichia adecarboxylata ATCC 23216 displayed protein profiles that were very different from each other as well as from those of groups I to VII (Fig. 2) . DNA hybridization. Radioactive DNA from Enterobacter agglomerans ATCC 27155* was hybridized to filter-bound DNA of 23 representative strains of protein profile groups I to VII as described above, as well as to DNA of 31 other strains belonging or related to the Erwinia herbicola-Enterobacter agglomerans complex," to the type strains of 6 other Erwinia species, to 17 strains of other Enterobacter species, and to 50 strains representing 49 other species of the Enterohacteriaceae ( Table 1) .
Strains producing group I protein profiles were genotypically highly related. Their relative binding ratio with Entero- Strain ATCC 27WT was 27 to 36% related to strains of Enterobacter cloacae (except strain ATCC 13047T, which was 50% related). Less than 35% relatedness was observed with strains of other species of the genus ( Table 1) .
The DNA relatedness values between Enterobacter agglomerans ATCC 2715ST and strains belonging to 49 other species of the family Enterobacteriaceae were below 38% (Table 1) .
API 20E seven-digit codes. Strains displaying protein profile groups I to VII were tested in the API 20E system. Sixteen different API 20E codes were obtained which did not correlate with the electrophoretic grouping. Fifteen strains gave the numerical code 1205173, and 10 strains (including the type strains Enterobacter agglomerans NCTC 9381 and Erwinia herbicola NCPPB 2971) gave the code 1005173. Eight strains yielded the code 1005133, and six strains (including the type strain Erwinia milletiae NCPPB 2519) gave the code 1205133. Each of the 12 other codes obtained for the remaining 21 strains from protein profile groups I to VII differed from those mentioned above in one or two digits each, owing to positive scores for the gelatinase test (11 strains), acid from sorbitol (6 strains), urease hydrolysis (3 strains), or acid from meso-inositol (1 strain) or negative scores for acetoin production (2 strains) and acid from D-mannitol or amygdalin (1 strain 
DISCUSSION
Twenty-three strains (belonging to the phenotypic group B4 of Gavini et al. [23] and phenons 8 and 7B of Verdonck et al. [60] ) received as Enterobacter agglomerans, Erwinia herbicola, Erwinia milletiae (including the type strains ATCC 27155, NCPPB 2971, and NCPPB 2519, respectively), and pigmented Enterobacter (36) form one DNA hybridization group (72 to 100% relative binding ratio to the DNA of strain ATCC 27155*, except for Enterobacter agglomerans CDC 3482-71; which had 62% DNA relatedness [ Table 11 ). We refer to this group as DNA hybridization group 27155.
Strains of this DNA hybridization group belong to at least seven protein electrophoretic groups, each of which is characterized by a different pattern of protein bands ( Fig. 1  and 2 ). The existence of different electrophoretic groups within the same DNA hybridization group indicates that the taxonomic resolution of the electrophoretic technique used is at an intraspecific level. The high DNA relatedness observed between the strains belonging to the same protein electrophoretic group (group I, 81 to 97% relatedness [ Table  13 ) is in accordance with previous observations that strains with similar or identical protein patterns are genotypically highly related (31, 33, 34) . Consequently, we can assign all the strains of protein electrophoretic groups I to VII to DNA hybridization group 27155.
Erwinia milletiae ATCC 23375 belonging to DNA hybridization group XI11 of Brenner et al. (4) and to protein electrophoretic group I displays 94% DNA relatedness with Enterobacter agglomerans ATCC 271ST. Two other strains, also belonging to DNA hybridization group XI11 of Brenner et al. (4) but not studied by electrophoresis, are 94 and 95% respectively, related to strain ATCC 271ST (Table  1) . We therefore conclude that group XI11 of Brenner et al. (4) and our DNA hybridization group 27155 are the same.
The four strains of protein profile group I1 constituted a separate phenon 7B in the numerical analysis of Verdonck et al. (60) . Three of them have a DNA relatedness of 75 to 77% to Enterobacter agglomerans ATCC 271ST. The fourth strain of this group, Enterobacter agglomerans CDC 3482-71, is only 62% related to strain ATCC 271ST although its electropherogram is almost identical to those of the other strains from protein profile group I1 ( Fig. 1 and 2) . Brenner et al. (4) classified strain CDC 3482-71 in a separate DNA hybridization group V because in their experiments it was only 64% related to strains of their DNA hybridization group XIII. Lind and Ursing (39) also excluded strain CDC 3482-71 from Enterobacter agglomerans as they found only 58% DNA relatedness with their reference strain. In the delineation of the enterobacterial species, a 70% DNA binding ratio at 60°C (by the hydroxyapatite method) is accepted, mainly by Brenner and co-workers, as the minimum level of genotypic relatedness within a species (3, 9, 56) . This criterion seems to be inapplicable for the delineation of DNA hybridization group 27155 as a species. Taking into account the high taxonomic resolution of the electrophoretic technique (33) , it would be wrong to assign strains with almost identical protein patterns and phenotypic features to different species. Two alternatives are possible. (i) If strain CDC 3482-71 is to be removed from DNA hybridization group 27155 because of its lower DNA binding ratio, all the other strains showing the same protein profile group I1 (Enterobacter agglomerans Goullet DY 27-12, Richard 5-78, and Richard biogroup 6) should also be excluded, although the latter strains show up to 77% relatedness with strain ATCC 2 7 M T ( Table 1) . As a consequence, other strains showing less than 77% DNA ;binding ratios with strain ATCC 27155T (i.e., Enterobacter lagglomerans Gilardi 698 and Gilardi 721; protein profile group VII) as well as their electrophoretically similar strains i(i.e., Erwinia herbicola NCPPB 1682 and NCPPB 1941) should also be removed from DNA hybridization group 27155. The minimum DNA relatedness level of the group would then rise to 81%. (ii) A second alternative is to include strain CDC 3482-71 in DNA hybridization group 27155, and the minimum DNA relatedness level would then drop to 62%. Since strain CDC 3482-71 is the reference strain of DNA hybridization group V of Brenner et al. (4), it follows that DNA hybridization groups V and XI11 and 27155 should be united in a single species. We are in favor of the second alternative. Indeed, intraspecific DNA binding ratios lower than 70% have already been observed in some taxonomically well-defined species of the family Enterobacteriaceae (30, 32, 56) . Moreover, we could not find any biochemical and physiological properties to differentiate strains of protein profile groups I1 and VII from strains of protein profile groups I, 111, IV, V, and VI. Although strains of protein profile group I1 constitute the separate phenon 7B in the study of Verdonck et al. (60) , no single other feature differentiated them unambiguously from their phenon 8 (containing most of the other strains of DNA hybridization group 27155).
Lower relatedness (relative binding ratios 154%) was observed between DNA hybridization group 27155 and the phenotypic groups of Gavini et al. (23) or the genotypic groups of Brenner et al. (4) in the "Erwinia herbicolaEnterobacter agglomerans complex" ( Table 1 ). The other species of the "herbicola" group (Erwinia ananas, Erwinia uredovora, and Erwinia stewartii) as defined by Dye (16) are genotypically 46 to 56% related to DNA hybridization group 27155 (Table 1) . A significant genomic difference between this latter group and the type strains of Erwinia carotovora ("carotovora" group [15] ), Erwinia amylovora ("amylovora" group [14] ), and Erwinia dissolvens (atypical erwinias [17] ) confirms the results of Brenner et al. (5, 6, 9) and Steigerwalt et al. (56) . The type strain Enterobacter cloacae ATCC 13047 shows 50% DNA relatedness to Enterobacter agglomerans ATCC 271ST. However, this level of genotypic relatedness is not confirmed with the other strains of Enterobacter cloacae and with the other species of this genus (relative binding ratios 536% [ Table 11 ). This could be explained by the particular genotypic position of strain ATCC 13047T within the species Enterobacter cloacae (P. A. D. Grimont, personal communication). A significant difference is also observed between DNA hybridization group 27155 and the other species and genera of the family Enterobacteriaceae (relative binding ratios 137% [ Table 11 ).
We propose to unite all 25 strains showing at least 62% DNA binding to Enterobacter agglomerans ATCC 271ST as well as the other 37 strains from protein profile groups I to VII in one single species. This species contains DNA hybridization groups V and XI11 of Brenner et al. (4) and the 52 strains genotypically identified as Enterobacter agglomerans by Lind and Ursing (39) . It is independent of the various other groups of the "Erwinia herbicola-Enterobacter agglomerans complex" (4, 23) , the other species of the "herbicola" group of Dye (16) , representative species of the other natural groups of Dye (14, 15, 17) , and the different species of the family Enterobacteriaceae. Since this species contains the type strains of Enterobacter agglomerans, Erwinia herbicola, and Erwinia milletiae it follows (35) that these species names are subjective synonyms and that they should be restricted to DNA hybridization group 27155. The synonymy of Erwinia herbicola, Enterobacter agglomerans, and Erwinia milletiae has been suspected on phenotypic and protein electrophoretic grounds (43, 44, 60) and has recently been confirmed by a DNA homology study (39) . This synonymy poses a nomenclatural problem, and only one of these names can be retained (Rules 23a and 24a [35] Since the three species names belong to two different genera, it should also be considered whether this species should be named Erwinia agglomerans or Enterobacter agglomerans. On the sole basis of our DNA relatedness results, DNA hybridization group 27155 could be assigned to the genus Erwinia, because it is related to other species of the genus, i.e., Erwinia ananas, Erwinia uredovora, and Erwinia stewartii. However, this is hampered by its low relatedness to Erwinia amylovora (type species) and Erwinia carotovora ( Table 1) . The low relatedness of DNA hybridization group 27155 to the species of the genus Enterobacter (except Enterobacter cloacae ATCC 13047T) seems to exclude it also from this genus. The DNA hybridization group 27155 might also constitute a new genus, together with the other species of the "herbicola" group and maybe some other groups of the "Erwinia herbicola-Enterobacter agglomerans complex" as already suggested by Goodfellow et al. (26) . We refrain from placing the agglomerans species in a genus until (i) the delineation of the other species of the "herbicola" group and the other groups of the "Erwinia herbicola-Enterobacter agglomerans complex" is improved, (ii) the genotypic relatedness of DNA hybridization group 27155 to the species of the genus Erwinia and to the other groups of the 'Erwinia herbicola-Enterobacter agglomerans complex" is better understood, and (iii) a consensus is reached among clinical microbiologists and plant pathologists about the subdivision of the genus Erwinia. Our polyphasic approach allows us to propose the following emended description of Enterobacter agglomerans, Erwinia herbicola, and Erwinia milletiae.
Emended description of Enterobacter agglomerans, Erwiniu Herbicola, and Erwinia milletiae. As explained above, these species names are subjective synonyms; consequently, their description is identical. The description is mainly based on 21 strains studied by conventional methods by Gavini et al. (23) and belonging to DNA hybridization group 27155.
Cell characteristics. Gram-negative, peritrichous, straight rods measuring 0.5 to 1.0 by 1.0 to 3.0 pm.
Colony characteristics. Colonies on nutrient agar are smooth, translucent, and more or less convex with entire margins. Colonies of most strains are yellow, but nonpigmented forms also occur.
Culture conditions. Strains grow well on nutrient agar at 30°C but not at 44°C (23) .
Relationships to oxygen. Facultatively anaerobic. Enterobacter agg lomerans, Erwinia herbicola , and Erwinia milletiae and the species previously classified or phenotypically related to the "Erwinia herbicola-Enterobacter agglomerans comp1ex"are given in Table 3 .
30°C (23) are presented in Table 2 .
Guanine-plus-cytosine content of the DNA. The guanineplus-cytosine content of 22 strains ranges from 55.1 to 56.8 moles percent (11, 55; J. Mergaert, unpublished data).
Habitat. Isolated from plant surfaces, seeds, and water as well as from humans (wounds, blood, urine, internal organs) and animals. Some strains (synonym Erwinia milletiae) are reported to cause galls on Wisteriafloribunda, some to cause galls on Gypsophila paniculata, and some to cause stalk and leaf necrosis of onion (28) .
Type strain. The biochemical features of the type strain ATCC 27155 (Enterobacter agglomerans), Erwinia herbicola NCPPB 2971T, and Erwinia milletiae NCPPB 2519T are presented in Table 2 .
